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(54) Utte: PATTCRNING ORGANIC LIGHT-EMmiNG DEVICES 
(57) Abstract 

li^t-emitting device Imvix^ an organic 
light-emitting layer underiying an -elec-, 
trode layer, the method comprisim^ ' a* 
first patterning st^, in wluch the. elec; . 
trode layer is patterned By exposure U> a"" 
laser b^un so as to remove part of the 
depth of &e cli^trode layer in the areas 
patterned by die^laser beain; and a second 
patterning step- in /which ; ttie remaining 
depth of tihe electrode layer is removed in 

tlie areas patten^ during the first step,; , _ . , ^ 

the second pattisming step^being of a type to whidi the organic layer is less sensidve than diat of the first pattooime &sp]-' 
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PATTERNIN G ORGANIC LIGHT-EMITTtNG DEVICES 

- This invention relates to methods for patterning organic light-emitting devices 
' ("OLEDs"). and to patterned organic light-emitting devices themselves/ 

One type of organic light-emitting device is described in PCT/WO90/i 3148. the 
. contents of which are incoqaorated herein by reference. The basic structure of 
' this device is an electroluminescent polymer film (for instance a film of a poly(p- 

■phenylenevinylene) - "PPV") sandwiched between two electrodes, one of which 
r injects electrons and the other of which injects holes:' It is believed that the 

electrons and holes excite the polymer film, emitting photons'. These de\/ices 

have potential as flat panel displays, in which case one of the electrodes is 
ttransparent r for example made of indium-tin oxide ("ITO"). 

:;Anptheritype:of .organic- light-erhitting device is a small molecule device; details 
of which are given in US 4.539,507. the contents of which are ihcorjDorafed 
herein by reference. In these the light-emitting layer is of a small molecule 
material.^ such-: as ^ tris(8-hydroxyquiholine)aluminium (''Alqa").' sandw^^^^ 

^between the two electrodes. • . r - > ; '-;k. 

To manufacture patterned organic display devices, for example' pixellated 
Vmonochrome-or multi-colour display devices, of other organic light-emitting 
devices Xe.g. print heads) having several distinct light-emittirig regions, there is 
:a need to pattern one: or more layers of the device. Typically^ in '^ matrix 
display -device, - having pixels arranged in rows and columns, the or^artic 
ilayer(s) sandwiched between the anode and the cathode are of the order of 
il OOnm thick. The separation from row to row or column to column of the matrix 
is,-.even*in a' very high^resolution display, of the order of several microns but 
typically much more. This, together with the typically low intrinsic conductivity 
of semiconductive electroluminescent molecular or polymeric materials helps 
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prevent current spreading along the organic layer(s) and therefore current 
leakage or shorting between rows or between columns via the organic layer(s). 

purihg the patterning process there is a great risk of exposing sensitive layers 
and interfaces of the QLED stack to substances or processes which can cause 
degradation in device performance, e.g. ambient gases and moisture, photo- 
resist solutions, developer solutions for photo-resists, solvents, exposure to UV 
light or plas^^ It has been observed that the exclusion of moisture 

from OLEDs is of paramount importance to achieve good device performance 
^ and in particul^^^^ device operating and shelf lifetime. This issue is of 
particular concern during patterning of the cathode, which is typically of a 
reactive and moisture sensitive metal or alloy. 

Typically, one of the electrodes (the "bottom electrode") is deposited on a 
substrate (e.g. a glass sheet) before the organic layer is applied. The bottom 
/.electrode is easily , patterned by, for instance, standard photolithographic 
.^techniflues. ■ - 

The.^"^^^ is generally deposited on to the organic layer. Therefore, 

patterning the top electrode is more difficult. One solution is to deposit the top 
electrode through a shadow mask. However, the shadow mask technique 
^ canno^^^ fine resolution patterning needed for high-density 

patterning^^^^^^ is to use photolithographic etch or lift-off 

lechnique^^^^^ is an elaborate process which adds considerable 

cpnriplexity to the production, system, and the chemicals involved can cause 
cpntamination of ^the jayers of the device. In order to achieve good 
^performance in pLEps rt importance to optimise all the individual 

layers:^, the^ a and the organic layer(s), as well as the 

interface^^ betvyeen the layers. Ingress of moisture or solvents into the organic 
layer(s), the electrodes, particularly the cathode, and the interfaces can be 
extremely detrimental to the device performance and especially to the operating 
and shelf life. 
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EP 0 758 192 A2; "Microfabrication of an Electroluminescent Polymer Light 
Emitting Diode Pixel An-ay", Noach et al.. Appl. Phys. Lett. 69, 3650 (1996); 
i "Microfabrication of an Electroluminescent Polymer Light Emitting Dibde Pixel 
: An^y^, Faraggi et al.. Synth. Met. 85 (1997) 1187 and JP 8-222371 describe 
methods for patteming the top electrode of a device by laser -scribing. ' t^^^ 
scribing has the advantage that it allows high-resolution patteming: the 
.-minimum laser spot size can be well below 50 -Mm. ' However, hone" of these 
V documents addresses the problem that in an organic " iighiemitting '' device, 
v because -the organic layer underiying the top electrbdelssb^^^nilfivelt i^ easily 
'• destroyed by the-' laser beam as soon as "the top Electrode • "h^s been removed 
i by the laser scribing : This Is particulariy"so becauise'^the' top electrdde %er is 
rtypically>of a material that Is highly reflectiveT'ahd' therefore recjuir^s'^ rela&eiy 
.ihigh.^laser'powerAfor its erosion. Another risk is that the oi^airrtc layer 'hily "rfot 
; abisorb*cthe^ laser radiaftibri? Thehr'as''^^ ^s^ the^'tbJ-^leSrdye Is^^criBed 
-througfiv^thei'laser light is trarismitted tKrougli^m tHe^bi^^ 
electrode. This can cause great damage to thei'b'evicd'as Wb^^^^ 
is ablated whilst sealed between the substrate and the organic layer. 

According to a first aspect of the present iriveritiori there Is p^ 

for patterning an organic light-emitting device having an organic light-eriiitting^ 

i layer' underiying an' electrode layerj the method /comprismg?^^"^ M-p^'tterning^ 

^stepf in which- the electrode layer is pattemed' by expbs'ure to' a 'laser beam so 

^^s: tbsr^move "part of the depth-'of the ^lectrodelayePh' the^are^f |a^^ 

'the laser beamVarid a" second patteming "step" in which the Veiriainihg dei)th" o^^^^ 

ithe electrode^layer^is removed 'in the areas 'patterned during the fir^t step, ihe 

'second •patteming" step Being of "a type to which - Me "organic 1 fess 

sensitive thari to that' of the first patterning step^^ '"' "-^ - ' '• - ?• ^ 

Thus, the first step may be sufficiently intense to allow for rapid removal of a 
part of the electrode layer, whilst the removal of the final thickness of the 
electrode layer may be perfomned with reduced risk of damage to the organic 
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layer. The invention thus provides particular advantages when the first 
patteming step is of an intensity sufficiently high to erode substantially material 
of th^ type comprised in the organic light-emitting layer. Furthermore, since the 
organic laye insensitive to the. second patterning step it may 

protect underlying layers (which may be more sensitive to the type of patterning 
^^pf thes^^^ f ^ J - ■ 

^ The intensity patterning step.. is suitably ^sufficiently highrto erode 

. material of the^^t^^ comprised in the organic light-emitting layer. . The intensity 
.of second patterm aggressive in its removal of 

. mate^^^^^^ light-emitting layer than the first 

patterning step. Preferably, the intensity of the second patterning step Js not 
\ suffici^ to erode sulDStantially^ material of the; type ; ^comprised r in :the 

^jorganip Jigh^ jayen^^Preferjably the; second patterning step js of a type 

.^Jiat^oes not , significantly e^^ ;th|e organic light-emitting ^J^^ 
■layeron^ one example of such, a 

.. .;^^type ma^ ■o:r^:^^rnf..r.. ^^-^o j ricvo ^Of-M"" ■■■r^orjr--. 

The first patterning step is preferably a laser scribing step. The laser used for 
Jhe^firet^stepjsjsu visible or infra-red lase^r, ^ y . : 

In the^^^^s^^^^ too. the electrode layjsr may suitably be patterned 

by a ^ laser b^ The parameters for the Jaser: qperatipn during the second 
patteming step are^^^^^^^ so .that the, scribing . effect of the beam-: is 

Jess th^n In that the incident , power of 

^the laser, 0^ power incident on^ a in unit tirne) is Jess intense for 

the sacond pattern for the first.^ The .laser used: for; the second 

patterning step is suitably an infra-red (e.g. ;Np-YAG)r visible or !ultraviolet^^(^ 
excimer) laser. 
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In the second step the electrode layer may be patterned by etching, most 
preferably dry etching (e.g. plasma etching, in particular reactive ion etching, 
; and preferably anisotropic reactive ion etching). 

The first patterning step preferably removes from' 50% to 95% of the thickness 
of the' electrode layer in the areas that are patterned, most preferably around 
' 80%: ' After the- first patterning step there is preferably a sufficient amount of 
material remaining in the areas that srb pattemed that the remaining material is 
opaque'to the laser radiation: for instance.'the remaining material is preferably 
at least -lOnm thick. This remaining niaterial niay be regarded as a laser barrier 
ileft after, the first patterning step. The isecorid patteming step preferably 
removes the remaining thickness of the electrode (i.eV the barrier) in the areas 
that are patterned in the first step. 

t The' electrode layer may suitably comprise an electrically cbnducfive layer ahd 
a' layer of protection material oh' the' face "of the 'Conductive layer oppbsite the 
light-emitting layer. The electrode layer may suitably' cornpHse" an efectrically 
conductive layer . and a layer 'of laser absorbihg hnkterial oh the 'facW of the 
conductive layer jopposite the light-emitting layer.' Iri either caise. it is prefeTOd 
that during the first patterning step the electrically conductive layer is not 

•■Substantially pattemed. • • ' :. , • ■ > . ■ . : > >■■. 

Preferably the or each laser beam is applied in pulses. The" pulses Suitably 
.^have lengths of less than 1 ns, .most preferably less than 1 0ps. ' " ^' 

;The electrode layer may be a cathode or an anode! The electrode layer. 'or at 
least the conductive part of it, or the portion of the electrode layer at its face 
closest to the light-emitting layer suitably has a work function less than 3.5eV if 
a cathode or greater than 4.0eV if an'anbde.' the electrode layer may be 
transparent or semi-transparent, at least at the frequency oV emissions firbm the 
organic light-emitting layer. 
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The light-emitting layer is suitably a light-emitting polymer layer, preferably a 
light-enriitting conjugated p^ layer. The organic material of the light- 
emitting layer may be a soluble material and/or a solvent-based material. The 
material may be a luminescent material. The material is preferably a 
conjugafe^ conjugated material, most preferably a conjugated 

polymer materi preferably comprises an electroluminescent 

polymer, ?uc PPV, poly(2-niethoxy-5(2'-ethyl)hexyloxyphenylene^^ 

^ rMEH-PP\r),^^^^a ^ F>py-derivative. (e.g. , ■ a di-alkoxy or di-alkyi derivative), 
polyfluore^ polythiophenes, etc. or copolymers thereof 

and ind^^ substituted and/or unsubstituted versions thereof. The material 
may^^comprise polymer. The material may 

jomprise a smajl m luminescent material such as (Alqa). = 

In an another method, the areas of the electrode layer patterned in the first step 
^xpuld, ;,.rat removed, .Tendered Jnsulative - for instance by 

^XDxida^ CQnriprises afirstr higher intensity patterning step, 

Jn^ w^ the^ electrode , 1^ to a relatively ^ high 

Jntensity^ J^^^ second, lower intensity patterning step, in which the 

elertrode jayerjs insulative in areas patterned during the first step. . 

According to a second aspect of the invention there is provided a method for 
forming an organic light-emitting device on a substrate, comprising the steps of: 
^^depo^iting^ a layer pf a conductive prganic material on the. substrate; 
depositing a second layer of a light-emittin organic material on the first layer; 
and patterning the second layer by exposing it to a laser beam of a frequency 
that is;: sulDStanti^ by. the .conductive ; organic ; material and 

substantially ^absor^^ by the light-emitting organic material. — 

The conductive prga^^ a polyaniline, polypyrrole or 

pplythiophenf derivativ sulphonic acid doped polyethylene 

dioxythiophene. 
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Suitable materials and classes of materials for the first light-emitting material 
. include those set out above in relation to the organic light-^mitting layer of the 
■ first aspect of the invention. - ■ : 

The substrate may suitably include" an electrode- layer?" Suitable' electrbde 
;materials and classes of materials Include thdse'seVo^ut aboV^ in ^re^^^^ 
-electrodes of the first aspect of the invertidn; ' — • : - -^ri. ? ,>*: ^;r.; r ; 

^The second aspect of the invention may provide' a rnethod for Vb'hrTihg a multi- 
ccolour organic light-emitting "^device. To ' provide such' a divice" tBe^'hiethoij 
preferably comprises, following the patterning step, further steps of: d^epolltirig 
a third layer of a conductive organic material on the second layer; depositing on 
the --third layer^a fourth layer' of a second ilght^smitting'' o^anic ' matlrl&l; ^ind : 
ipatternirigtthe fourth layer by exposing it to a laseV b¥am' bf a' frequ^n^^^^^^^ 
substantially absorbed by the material of the third layer and subslantially 
absorbed by the second light-emitting organic material; the second light- 
emitting material -having^ a^^differenfsp^^ light lmi^n^rlrStt5)ftl&^ 
first light-emittirig'material?' Similar ad^ rebate! j^Be^D^it 
further layers of other light-emitting materials!*"' Mos^t"F)re^^^ 
layers are deposited. Suitable colours for the emissions from the layers are 
redrgreen'ahd blue^ ■ - ■'' " ■ " ' r;ji<(': ■vnMo^^A-iv.V s/^'i 

The'Tconductive -organic^ rtiaterial of the third layer (and any Subsequent layers 
of conductive organic material) is suitably the same as The mate?ral b?the 
lay^no The ''conductive'^ organic material : of subh a third' layer^W'suitably 
polystyrene sulphonic acid doped polyethylene dioxythiophene. 



Suitable materials and classes of materials for the second light^mitKrig 
material (arid any subsequent light-emitting materials) " include those set out 
above in relation to the organic light-emitting layer of the first asfject of 'the 
invention.-^ - ' -" ' ' ^ ' ' - - 
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According to the present invention from a third aspect there is provided a 
method for patterning an organic light-emitting device having a first electrode 
layer, a second electrode layer and an organic light-emitting layer located 
between the electrode layers, the method comprising patterning the first 
elertrocl^ exposing it to a laser beam of a wavelength that is absorbed 

^ by ttie organic ligM layer so that the organic light-emitting layer serves 

to protect the second electrode layer from patterning by the laser beam. The 
laser wavelength is suitably chosen such that it is within the absorption band of 
the organic layer^^ Suitable materials and classes of materials for the layers of 
, the device/include those set out above in relation to the first aspect d the 
^^inyentipn. ■ ^..-'c rv^^:.... /---^i'-]'---'. 

J[he .^present , invention also provides.;, an ^organic flight-emitting /.device 
manufaptur^ the methods ; of the first, .^econd ;; or . third aspects . of ythe 

Any orientations Referred to or implied pr inferred ^above reflect only. the mutual 
^am^ pomppnents of . the device and not ^ absolute orientation 

of the device during , . vv - rf r 

The present invention will now be described by way of example with reference 
to the accompanying drawings, in which: 

, figure I jshov^s a cross-section of part of an organic, light-emitting device 
on -the line A-A of figure 2; ^ ^ . ; o^ . 

: ; j^^^^^ 3 plan . view, pf the^ whole device; of figure 1 before 

• patterning;' -.. ■ . .^..^ : \io--^:k-^ v..^- ' 

figure 3 shows a plan view of the whole device of figure 1 after 
. patterning;;,_^; ^ ^ ; ^ ;:'^:-..^H- ' 

^^^^ , ; fi^ shows a cross section of a device of the type shownjn figure 1 
after a first patterning! step; , . ; - 

figure 5 shows the device of figure 4 after a second patterning step; 



# 
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figure 6 shows a cross-section of a first alternative device after a first 
patterning step; 

figure 7 shows a cross-section of a second alternative device after a first 
patterning step; 

figure 8 shows a cross-section of the device of figure 7 after a second 
patterning step; and 

r , : . figures 9 to 12 show steps in the production of a third alternative device. 
The figures are not to scale. . — 

The device of figure 1 has a glass sheet 1 which carries an anode layer 2 for 
injecting positive charge carriers, a first organic layer 3. a second organic layer 
4 and a cathode 5 for injecting negative charge earners. The anode layer is 
formed of^^indium-tin oxide ("ITO"). The first organic layer is foirhed of 
.^polystyrene:sulphonic acid doped polyethylene dioxythiophene fPEDt/PSS"). 
r The second .organic layer is formed of PPV. The cathode is formed of an ailoy 
cprincipally of aluminium, and lithium." The device uses PPV as the light-einitting 
r layer.i Jhe device is. encapsulated in glass epoxy (not shbWn). ' " ■ ■ ' 

-The manufacture of the device will now be described. The glass substrate is a 
polished glass sheet of sodalime glass 1.1mm thick, with a banier layer la of 
; silicon tiioxide around 100nm thick on its upper surface. The ITO anod^'is 
deposited on to the silicon dioxide by a conventional DC or RF sputtering 
technique. The completed ITO layer is about 1500A thick with a sheet 
iresistance of -around 15 Ohm/square arid a transparency of abbut 85%. 
Alternatives to ITO :are other conductive materials such as fluorine-doped tin- 
-oxide. aluminium-doped zinc-oxide, metals such as gold, alldys and conductive 
cpolymers such as polystyrene sulphonate-doped polyethylene aioxythiophene 
(PEDT/PSS) or doped polyaniline, or combinations thereof. To provide an 
effective anode ithe material is preferably a high wori< function material, with a 
wori< function higher than, say. 4.0 or4.5eV. In devices like the one of figure 1. 
where the emitted light is to be transmitted through the anode, the anode 
should be at least partially transparent. 
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At this stage the ITO layer can, if necessary, be patterned, for example by 
r conventional we^^ ITO patterning techniques, and then cleaned. 

The PEDT/P a conductive polymer layer. The PEDT/PSS mixture is 
prepared (see BP 0 686 662 and Bayer AG's Provisional Product Infomnation 
(Sheet fprvTria^^ 4071), deposited on to the ITO layer by spin coating 

and then heated for 1 hour at 110°C in a nitrogen atmosphere. The thickness 
of the completed PEDT/PSS layer is around 500A. The PEDT/PSS layer could 
,be. pnri had the required stability and 

currenWoltage performance. 

. Jhe .PPy is then deposited over the PEDT/PSS layer. A precursor polymer, 
; typically a precursor to a hpmopolymer PPV with a tetrahydrothiophene leaving 
. group (att^^^ the ethylenic group) or a copolymer containing in addition 

n^^ acetate groups (attached to the ethylenic group) is deposited on to 

the PEDT/PSS frorri solution by spin-coating. This is then converted at 150°C 
in high purity nitrogen for four hours. The solubilising group that is removed 
^: during ...coriversiq^^ tetrahydrothiophene and the counter ion to the 
^thiopheniunni salt is bromide. The completed PPV film is around lOOOA thick. 
.Jnstead of a polymer layer, the organic light-emitting layer could be of a small 
..mojecule 

The cathode is an alumim containing around 95% Al with 2.5% Li, 

.1.5% , Cu, .1^^^^ and 0,1% Zr (all by weight). The cathode is DC magnetron 
^.sputtered on to the organic PPy layer to a thickness of 1200A. The cathode 
^could.be made 0 or alloys with low work functions, for instance 

,:Ca,^^B^^^^ Sm, Li or alloys of such elements with Ag, Al etc, such as Mg:Ag. 
Mg:ln or other Al alloys. To provide an effective cathode the material is 
preferably one having a low work function, e.g. less than 3.0eV or 3.5eV. At 
the edges of the device the cathode sputtering is masked, and the organic 
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layers are not deposited, so as to allow for contacts to be fixed to the top 
surface of the anode (as illustrated at the left of figure 2). 

c At this stage, as shown in figure 2. the cathode 5 extends in an integral block 
r across Jhe device; If a voltage is applied between the anode 2 and the cathode 
1: 5 light is emitted from the entire area of the PPV layer 4 lying between the block 
< of the. cathodes and the anode 2. • However; if the device is to be Used in an 
s.appli"cationr:where ■ the light-emitting layer'' isT to have distinct; individually 
- controllable regions (e.g. a pixeilated display or a print head) at least one of the 
layers of the device must be patterned. ' . • .■ .y^ ■ v'Mi: 

.;^The -patterning methods described below make use of laser scribing/ablation to 
eproviderhigh-resolution patterning. The laser scribing/ablation system is ah 'hi K 
o,Techn6logy' HKR-2 laser scribing station' as. for example, supplied by Hahn & 
aKblbJGBclitd. of Rugbyf- United Klrigd6rh.~utilisihg a 25W Q-sWitche'd cW yaG 
:lasei:?»A^:compbtericontr6lled galvo-minxir^syitem Is *Used te'di^ 
£Telative=td£thei device-'in ^order 1o perfo"mi ^he laser "patternihg. '''^6m^"^pgc^^ 
sscribirigCparameters'^will be^^et but bel6w:^buf ih-ge^^ 
Tctechnique: and -precise nietHod and parameters of the laser scnbm^^^ 
: process -should be chosen in accordance with the OLED device' structiJre ihSt is 
being patterned: in particular the thicknesses and material parameter* 
specific layer(s) to be laser-patterned. The main parameters defining the laser 
i;scribing/ablatlon process-^are: laser wavelength^ laser power^ DC vereu^ pulsed 
noperation>:pulse"duratioh,n pulse' diity' cycle arid/or frec?uency/'spot W^^^ 
sspeed; single.vers'us ^multiplepass/exposure to 'define a scribdd 1ini. Scanning 
eof ;the::laser<focuis-ed onto the device versijs patterning of the laser through" a 
gmask ? and scribing/ablating - in vacuum, air'; inert ' or " chemically reactive 
-atmosphere:^ An overview of such laser processing techniques and guidelines 
for the choice of parameters depending on the "application and the materials t^ 
be scribed/ablated can. for example, be found in D. Bauerie. Laser Processing 
land -Chemistry, 'second edition, Springer (Beriin. Heidelberg). 1996. ' 
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Jhe patterning methods described below relate to the patterning of the device 
to provide a series of individual linear light-emitting regions (20 in figure 3) 
separated by linear non-emitting regions (21 in figure 3). A device of this type 

. is, suitable as a ^ print head or a device emitting in rows which is useful as a 
,sequem^ backlight for LCDs. (Emitting and non-emitting regions 

^^^^^ c^^^^ could be provided).. To provide the linear patterning 

^the las^^^^ tjearn is arranged to scan the cathode in a linear motion to define a 

^.^ nonremiffi below. After one or more of these 

;^Jinear scams bearn is tracked perpendicular to the scan direction so as to 
allow the next non-emitting region to be defined by the next scan(s).' 

^. In a fir^^ non-emitting region is defined in a single pass 

^^^f^the^^beapi.^ the beam (as set by parameters such as the 

• beam power, spot size.and^the tracking speed, relative to the device) is set so 
^^0at the be a linear gropye into the cathode as it scans across it ; The 

y.,parameteTS is not of the.full depth of the cathode; 

,.in other.)^^ ^^ryn^the ar^a scanned by the beam not all the material of the 
.^^hode is^^^ groove is suitably around;,80% of the 

:,^.icat^^^ cathode thickness at the base of 

-the^. groQYQ,.,^ (e.g. lowering the .power) 

the groove^could be cut by more thaaone scan of the beam. 

..^iOkfter a . g^^^ cut . to the; desired depth, the beam is moved 

..pejpend[cular to th^^ to cut another parallel groove spaced from 

,,.the,Ji.rst on^^^ by figure 4). In this specific 

embodirrien^jthe pitch the distance from.one emitting line 

^ .1^^^^^^^ laser scribed/ablated gaps between the- emitting 

lines are about^llOMrn wide. j,, Laser scribing is a useful technique^for this fine 
^ scribing operation because pl^ 

Once ail the necessary grooves have been scribed the cathode is etched using 
a dry etch process. This erodes the cathode over its full surface to remove the 
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cathode completely in the thinned areas. The parameters of the dry etch 
process (e.g. the etch time and etchant concentration) are chosen to give good 
control over removing the thiclcness of the thinned areas. Suitable parameters 

■ for the etching process for an AI:Li alloy are: a reactive ion etch system using 
an SVS research machine, the etch gas being SiCU at a pressure of 40 mTorr 
and roughly 30 seem gas flow, a peak voltage of 500V. a bias voltage of 245V. 
resulting in an etch rate of around 300A/minute. After the thinned cathode 
areas have been removed the whole surface is passivated in the reactive ion 

• etch machine using CF4 gas. . . 

vThis two-stage patterning procedure has a number of advantages. First, it 
f allows the laser scribing operation to be used to define precisely and to a high 
':resolutio-n the arisas^of the cathode to be removed. 'reducing risk of damaging 
fthe sensitive ^brganic layer 4 by exposing it to laser light, the etch proceis 
^^ehds-'norto^cause sudden erosion of the cathode: as can occur In a basic lasW 
scribin^-operatibri, TDecause the cathode is protected by the orgariic layer from 
tthe~etch.s^vThe etching process is also more controllable for the fine rernovaf of . 
the last parts ^of the cathode than laser scribing. And the use of ai drV process 
for the etching step helps reduce the risk of chemical contamination of the 
layers of the device during the etch. Aluminium oxide. alUrninium nitride, sillc^^^^ 
oxide etc; to serve as insulating layers can be deposited in the same chamber: 



It Should also be noted' that the remaining metal, after laser scribing, helps to 
protect the organic material ffom the environment. " . . ■ - 

The cathode is typically relatively reflective to the laser beam. For insterice, 
aluminium 'has a reflection coefficient of around 0.9 at a typical excimer laser 
wavelength-' of '248nm or "a typical Nd-YAD laser wavelength "of io64nm'; 
Therefore; -before the scribing step it may be found advantageous to provide 
the cathode, over its uppei- surface, with a layer 6 (see figure 6) of a material 
that has a lower reflection coefficient than the cathode at the frequency of the 
laser. Examples are carbon (graphite), a non-stoichiometric oxide (for example 
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oxygen deficient aluminium-oxide, wliich tends to be brown) or zirconium, which 
has a re^ coefficient of only around 0.015 at 248nm and 0.14 at 1064nm. 
Then the device is sqribed (as described above) through the layer 6 and then 
etclied^^^ above. In this method, the laser absorbent layer 6 helps 

initiate laser erosion of the cathode, allowing a lower intensity of scribing (e.g. a 
. lower laser pow^ be used, and increasing control over the depth to which 
the cathode is scribed. ^ 

Another option is, before the scribing step, to provide the cathode over its upper 
sufface with a mask layer 7 of a material that is resistant to the dry etch 
.process. Then scribing step the etch-resistant layer 7 is scribed so 

as to reniove the 1^^^ over the areas where the cathode is to be removed 
(see figure 7). The control of the laser parameters for this step can be. 
^sqmewhat^^to^^ does not matter if some of the underlying cathode 

is also Then the etch step is carried out to remove the 

.areas of that are not protected by the etch mask (see figure 8). 

The^l^^^^ a photo-resist or an organic layer which is easily laser 

^scribed but can serve to protect the cathode during the etch process. 



The quality of the final device can be improved considerably if steps are taken 
to minimis reactive particles that are present during the scribing 

operation. Because the scribing operation exposes parts of the cathode there 
is a risk that these parts may react, impairing the performance of the device. 
This is especially important when areas of the cathode that are to form the 
edges of light-emitting regions are exposed. One way of reducing the amount 
of reactive to perform the laser, scribing/ablation process in 

an atmosphere that cont no or only negligible amounts of chemical species 
that may . chemically react with the cathode. Thus the scribing may be 
performed in a_vacuum or an inert atmosphere such as, for example, dry 
nitrogen or argon, to prevent or at least minimise the exposure of the OLED to 
air and in particular moisture. Another useful step is to minimise exposure of 
the cathode even before the scribing operation. One option is to cover the 
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cathode with a protective layer of a material such as silicon-nitride, aluminium- 
oxide, silicon-oxide or a conformal organic material such as Parylene (available 

- 'from NovaTran™) or doubling as absorising layer 6 or etch resistant layer 7. 

^ Another option is to deposit the cathode and then control the atmosphere to 
which it is exposed before the scribing operation. This may be done by rhaking 

f use of. load locks linking the laser scribing apparatus with the other pieces of 

'kOLED fabrication and/or storage equipment. • . - , - . , 

Another way to protect the cathode is to cover it with a protective layer of an 
inorganic material, for example of aluminium-oxide, silicon-oxide or silicon 
Shitride, which 1s' insensitive to the etch probess that is to be used Then the 
- cathode and' its protective layer can be patterned by,* for instance, laser scribing 
"to i'eiTibve'at least the protective layer over the areas of the cathbd^ 'that are b 
-be'^ patterned. ^^The laser scribing step could be of any suitable Vpe. ^ncliiding 
multi-pass. Then, when the etch process takes place the are^s"of"i^rotective 
layer that are left protect their underlying areas of the cathode from removal, 
^^but'where-the protective layer has been rernbve^d any thiokneiss of the^^^^^ 
= that remaihs"(^^ '"^ 

Laser scribing can generate significant heat in the device. Therefore, it is 
. • usefur to'^pulse the scribing laser to allbw time for heat to dissipate "between 
''pulses. 'As ah example, the length of the j^ulses can suikbV be'aroundor less 
i than'IOpsV with " a 'gap be^^^^ pulses of around 1 to 10 nis. " " 

^Suitable op'tions-fof the dry etch process are reactive iori 'etchirig (particularly 
' anisotropic -ion etching) and- plasma etching. An alternative to removing the 
"thinned portions of the cathode is to render them non-condUctiVe, for example 
by oxidising them under bombardment by oxygen gas (or implantation). In the 
latter case, a protective layer over the non-thinned portions of the cathode niay 
be used to protect them from oxidisation, in an analogous manner to the etch 
rhask'prbcess of figures 7 and 8. 
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Another alternative to etching is to perform the second stage of the patterning 
^ process using a relatively \oVif power laser scribing technique. For instance, in a 

.first pass of the lasesr beam at high power (using the parameters such as those 
listed above) 80% of th^ thickness of the cathode may be removed, fomning a 
grpoye jn the^^ Then the laser beam may be reduced to lower power 

;^s(nd tracte^ or more times over the groove to remove thei remaining 20% of 
the cathode. Because the final removal of the cathode is performed at 
relatively low power, the potential damage to the organic layer and the anode is 

.jredUCed.^^, 

Either of the laser scribing steps may be performed as a laser-assisted etching 
; .s^^^ the scribing is performed in an atniosphere 

;^ A\Jiip^^^^ tfie scribing process. For example, a pure aluminium 

or a!umir)ium alloy cathode may be scribed in the presence of a chlorine- 

'^^cqntajnjng^^ -^.v. .-/-^^ ■ 



The device could be fabricated with the cathode at the bottom, adjacent the 
substrate, and the anode on top. Then the anode could be patterned just as 
described above in relation to the cathode. 



|n^ devices laser scribing, can allow for 

^ai^ura^e sh^^ organic layers. An additional principle that may, be 

employed makes u^e of tjie differences in absorption, characteristics between 
different organic materials. By suitable choice of organic layers, one may be 
^sedjo prot^ another during laser scribing. For example, if a YAG laser 
emltj^^ infrared frequency is to be .used it may be noted that PPV 

transmits j^^ absorbs strongly in the infrared. A 

PEPT/P provide some protection for an underlying PPV 

layer against the laser beam during scribing. ^ 

For example, (refemng to figure 9) a multi-colour OLED may be fabricated by 
laser scribing/ablation patteming of the organic layer(s) as follows. The 
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substrate 1, with a semi-transparent bottom electrode 2 patterned in lines, is 
covered with a layer 3a of PEDT/PSS to act as a charge transporting and/or 
injecting layer. The PEDT/PSS layer is then coated with a blue-emitting 
electroluminescent polymer layer 4a (e.g. of a substituted polyfluorene). The 
polyfluorene is then laser scribed over all areas that are, in the final dispiay. 
designed nof to emit blue colour (figure 10). The laser ablation parameters are 
chosen such that the full polyfluorene thickness is ablated but not the full 
PEDT/PSS thickness, for example by using a laser wavelength which is in the 
absorption band of the blue-emitting polymer and by carefully choosing the 
lasei- pulse length and intensity. Thus the PEDT/PSS acts as both a charge 
transporting and/or injecting layer (in the finished device) and a buffer layer for 
laser ablation (during production). 

The residual PEDT/PSS is then washed off. another PEDT/PSS layer (of which 
3b is a residual portion) is spun and over it a green-emitting layer of PPV 4b is 
deposited. The green-emitting layer is then laser pattemed in the same 
maririef as -the blue^mitting" layer pixels on the display. 

The^device is again cleahed of residual PEDT/PSS and a third PEDT/Psi layer 
(of whicfi f3c is a residual portion) is spun and over it a red-emitting layer 4^^^ 
poly(2-methoxy-5(2*-ethyl)hexyloxy-phenylene-vinylene) ("MEH-PPNT) '"is 
deposited. It in turn is laser pattemed to leave red-ertiittirig' pixels" (see fig 
11). The device now has a pattern of blue-, green-, and red-emitting pixels. A 
cath'bde 5 i&Tinally deposited and pattemed to finish the multilcotour dispiay 
(see"figure 'i2r the patterning of the cathode is out of the pl^rie of figijfe'12). 
The 'cathocie is -pattemed in lines, possibly by one of the methods described 
abSverso that the individual pixels can each be addressed in a cbnven^^^^ 
matrix fonmat by means of one anode and one cathode line 



An-OLED fabrication process using PEDT/PSS as a laser buffer/stopping layer 
is also 'useful when shaping the electrodes etc^ using infra-red laser light^ for 
exaimple.'1064nm light from a YAG laser, which can efficiently scribe/ablate 
metals as well as conductive transparent inorganic oxides such as indium-tin- 



• 
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oxide or tin-oxide but for which typical organic electrolunninescent materials 
have less absorption. 

'Another alternati^^^ employ a protective layer of an electrically insulating 
material, between the top and bottom electrodes of a device, to act as a barrier 
during patterning. The protective layer is preferably of an inorganic material 
and p^referably depos and patterned on top of the bottom electrode. Then, 
when one of the electrodes is exposed to a patterning means such as a laser 
beam the ;,prpte^^^^ layer could prevent the other electrode from being 
patterned. protective layer could be of a material that is resistant to the 
patterning means and/pr be sufficiently thick that its full thickness will not be 
removed during the patterning step and/or the rate of removal is much slower. 
If the patterning step is a laser scribing/ablation step then the protective layer 
could be of a material that absorbs at the wavelength of the laser light that is 
.;. ■;-used.-^_., ^^^^.z/^.^^, . ■ 

Materials for the protective layer could include silicon nitride, silicon oxide or 
aluminiunr) oxide. ,T^ layer may be especially advantageous in 

connection with such a patterning step because light of that wavelength could 
potentially scribe/ablate an electrode layer and/or an organic layer that can now 
be protected 

The protective layer could itself be a patterned layer, so that it provides 
protection to only selected regions of an underlying layer. For instance, in 
manufacturing a passive matrix organic light-emissive device the bottom 
electrode could ^ be deposited and patterned in columns, then the protective 
insulating layer could be deposited, then an organic light-emissive layer 
(together with any other organic layers) could be deposited; and then the top 
electrode could be deposited and patterned by laser scribing in rows orthogonal 
to those of the bottom electrode. The protective layer could be patterned in (for 
example) a matrix of square-shaped regions to protect the 
bottom electrode during scribing of the top electrode. Another advantage of 
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this is that the edges of where the top electrode is removed (i.e. outer edges of 
the top electrode rows) can be slightly off-set from the active pixel area. i.e. the 

- width of the' square-shaped regions" in the protective layer which define the 
active pixel areas-is'^slightly smaller than ' the width of the row electrodes after 

/ paheming;'^ This^'avoids-br -can^ at least ' reduce potential 'detriment^ edge- 

? iTi'e 7 present •finventioh 'm^ feature 'or "'cSmbina^ionW' features 

■ disclosed-' herein -either "implicitly or 'Wplicitly -6? any ^eneralisaVoh " thereof 
nirrespebtive of whethef it relates to the presently brainrifed invenlidn.^'^^^^ 
foregoing description it will be evident to a pensoh skilled^in ^the' art that^va^^ 
modifications may be made within the scope of the invention. For example, It will 
cbiB- iapparent 'to''-a'^j3ersd^^ ^fr^'the' art "Wat other "orgViiic"'*nghV^ 

materials could be used. B-^xn^mc z:-. 'rSix-M ,v*n/;-;;-u j-. ti.-.if^f. 

fi'-rJ vt''?i. r:";^ Hi ".it-* r';*.-;j r'-''i.'^'--;.'3'i--^ '-.nr. fx ';:f:'"t-':--. .. X'-'-r.'s . • 
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CLAIMS 

i v- ^^;l'?®*'i^9^.f°^ ?n l°''93"'^ light-emitting device haying an organic 

J'9!?t-f nf^itting J^^^ an electrode layer, the method comprising: 

P^**^^'"9 which the electrode layer is patterned lay 

exposure to a laser beam so as to remove part of the depth of the electrode 

layer in the areas patterned by the laser beam; and 

^tr-KSjrr: ^^^rPn^. ;P^^®rn'P,9 ^*®P 'H which the remaining, depth of the electrode 
oSy®**; ^1®^^ Patterned during the first step, the second 
;,,P.atteming step b^ the organic layer is less sensitive than 
4o4hat of the, first pa^^ : ■ ^^:-p-:r, ^''^i^'-.^-y/y 

i%*A.m claim: 1, wherein the first patterning step is rpf a type 

to which the organic layer is sensitive , . u^-.^u-r'^ 

3. A method as claimed in claim 1 or 2, wherein the first patterning step is of an 
intensity sufficiently high to erode substantially material of the type comprised in 
the organic light-emitting layer. 

4. A method as claimed in any preceding claim, wherein in the second step the 
electrode layer is patterned by a laser beam in an operation of a lower intensity 
than the first step. 

5. A method as claimed in any preceding claim, wherein in the second step the 
electrode layer is patterned by etching. 

6. A method as claimed in claim 5. wherein the etching is dry plasma etching. 

7. A method as claimed in any preceding claim, wherein the electrode layer 
comprises an electrically conductive layer and a layer of protection material on 
the face of the conductive layer opposite the light-emitting layer. 
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8. A method as claimed in claim 7, wherein in the first step the full depth of the 
layer of protection material is removed. 

9. A method as claimed in any of claims 1 to 6, wherein "the eleWode layer 
comprises an electrically conductive layer and a layer of laser absorbing 
material on the face of the conductive layer opposite the' light-ernittihg' layer: 

10. A method as claimed in any of claims 7 to 9, wherein during the first 
patteming step the electrically conductive layer is not substantiallV 'palter^ 

11. A method as claimed in any preceding claim, wherein the or each laser 
:beam is applied as a pulsed laser beam:-"'' ■ ■ ' c ■ ' sf; ■ v nrj-n /% ri 



s'lZry-r A. method^ as' claimed in claim'^M 1 ; ■\A/herein^ the l^^er' beam is 

applied in piulses of'less thari 1ris7' ^ i'Q>r' -^tivimi^^ ;-;w:ioq«s> yc b-tn^oyiiw 

13. A method as claimed iri -any preceding claim; wherein the WlS^^ 
transparent. 

14. A method as claimed in any preceding claim, wherein th6 el6ctro^'e laye^^ 
a-cathode of the device and has at its face closest to the iight-emitting layer a 

:'^vvork function less than 3.5eV;' *■ -'P-' ' . " - ^' ' '■■ -^iM^cei; -j 

.15-. A method as claimed in any preceding claim, wherein the^electr^^^^ layer is 
I'a anode^of-the device arid has at its face closestlo the'lightnemit^n^^'te 
work function greater than 4:5eV. ' '^^ - " " H ^ v^^ ^ir^Tcw c^.. -rUi 

16.;rA method as claimed in any preceding claim; wherein thelight-emitting 
layer is a light-emitting polymer layer. i - , ' v - v - • • ' 'i 
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17. A method as claimed in claim 16, wherein the light-emitting layer is a light- 
ernitting corrugated polymer layer.^^ . 

18. An organic light-emitting device manufactured by a method according to 
any preceding claim. . a 

19. :^ An organic iigh^^ 18, t wherein the 
electrode layer is a cathode layer of the device. 

20. Ar] organic, in. claim 18; wherein the 
electrode layer is an anode layer of the device. 

21. A method for patterning an organic. Jight^emitting device having an organic 
light-emitting layer underlying an electrode layer, the method comprising: 

; W 4^ Ji^*' higher, intensity pattern! the. electrode layer; is 

patterned by exposure to a relatively high intensity, laser beam; and - ^>.;nn^;>^ 

a second, lower intensity patterning step, in which the electrode layer is 
rendered j/isi^ : : \ S r 

22. A method for fonming an organic light-emitting device on a substrate, 
xonriprising^ the steps pf^ .^-.r ^.^ - ■ : . .-r " ^' ^ t 

V V ^^fP^-'*^? ^ l?y®'' of 3 conductive organic niaterial on the substrate; 
depositing a second layer of a light-emitting, organic material on. the. first 
layer; and 

. patterning the s?^ layer.by exposing it to a laser. beam .of a frequency 
that is substantially , absorbed . by, the conductive organic material -and 
substantially absorbed by the light-emitting organic material: ^ ^ i^-i ; ; >:v 

23..^^^ A^^ as claimed in claim 22, wherein the light-emitting organic 

material is a polymer material. , . , 
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24. A method as claimed in claim 22 or 23. wherein the light-emitting organic 
material is a conjugated material. 

26. A method for forming an organic light-emitting device on a substrate, 
comprising the steps of: 

^ S?E?jllir'SLa first layer of a conductive material on the substrate; 
^ .-.jdepdsiting- a' second layer -of a-^f^^^^ on the first 

layen I I 

patterning the second layer by exposing it to a laser beam; 
e?tt®MngJ.he firet layer by a .dry. etching process to which the second 
layer is insensitive; 

depositing a third layer of a light-emitting organic material over the first 
and second layers; and .'-T'. 

depositing a^fourth layer of a conductive material over the third layer 

^ „...,,.,„ ... ' 

27. A mefhod 'for'pattem substantially as 
herejn describeci .Wrt^^^^ 

S lyyyyyyy..' /' / y y y y'y^'' ■ 

28. • Ans:,drgainic, iight^mitting device' substantially "as . herein tlescribed with 

, ' y y .■■ y y. y •. . • ■ ■ ■ 

reference to^me_^accqmpanyin^ : ' 
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